Pesticides compounds represent an important class of pollutants for food, soil and surface water resources. Thus, a simplified method using gas chromatography was used for determining five insecticide residues in fruit samples produced in Ceará State (Brazil). The insecticides were simultaneously extracted from the fruit samples with a mixture of water-methanol (1 : 1 %v/v) from lipid-containing crops and then reextracted with ethyl acetate. Cleanup by silica gel column chromatography was not necessary. The extracts were analyzed by GC-ECD. Analytical parameters, such as limit of detection (LOD), limit of quantification (LOQ), linearity, precision, and recovery were considered for the orange fruit. A sufficient recovery of 52.1, 57.0, 49.5, and 108.5% for parathion methyl, malathion, chlorpyrifos, and 2,4-dichlorophenol was found. The compounds 2,4-dichlorophenol, malathion, parathion methyl, and chlorpyrifos were found in all the fruit samples analyzed.
Introduction
Pesticides are chemical substances used to kill insects and animals that destroy crops. They are characterized by pronounced persistence against chemical/biological degradation, high environmental mobility, strong tendency for bioaccumulation in human and animal tissues, and significant impacts on human health and the environment, even at extremely low concentrations [1] .
Pesticides are a class of chemical substances used against organisms damaging humans, animals, and plants, such as insects, fungi, moulds, nematode, and rodents. These compounds represent an important class of pollutants for food, ground and surface water resources [2] . The majority of such substances are applied directly to the soil or sprayed over crop fields and hence released directly to the environment. The organophosphorus insecticides (OPPs) [3] [4] [5] [6] [7] have an important role in the agricultural pest control. However, the continued use of organophosphorus insecticides increases the possibility of residues of these compounds being found in some vegetables, threatening the alimentary security.
General population is mainly exposed to organophosphorus pesticide residues through the ingestion of contaminated foods (such as cereals, vegetables, and fruits), which are directly treated with OPPs pesticides or are grown in contaminated fields. Compared with organochlorine pesticides, OPPs demonstrate relatively low environmental persistence but a higher toxicity acute. Therefore, the OPPs residue in food has been strictly regulated by government in all countries in order to determine whether the concentrations of the pesticides used exceed their maximum residue limits (MRLs) [8, 9] . The MRLs are established by each country and sometimes cause conflicts because different residue levels are acceptable in one country but not in another. Therefore, there is an urgent need to harmonize the different MRLs. Organochlorine pesticides have been widely used worldwide since the 1940s because of their strong effects in the control of pests and diseases. Organochlorine residues and metabolites are ubiquitous in the environment because of their widespread use. Thus, the risk for human exposure and contamination is considerable.
DDT is the most popular example of organochlorine pollutants, characterized for long persistence in the environment after application [10, 11] In the present work, a chromatographic methodology was developed to identify and quantify some types of organochlorine and organophosphorus insecticide residues in fruit samples produced in Ceará State (Brazil).
Experimental
2.1. Sampling. Fruit samples of orange, melon, tomato, passion fruit, mango, and sugar cane juice were chosen due to their commercial importance and potential consumption. All the samples were taken twice a month for about one semester. They were purchased at State Supply Company S/A (CEASA) in Maracanaú, Ceará state. The fruits were produced in cities Serra Grande, Baraúna, Pacatuba, and Aquiraz. Table 1 , as follows: phosphorus insecticides (parathion methyl, malathion and chlorpyrifos) and organochlorine (2,4-dichlorophenol). Standard of these compounds were obtained from AGRIPEC COMPANY LTDA. Stock solutions were prepared containing 100 mg·L −1 of each compound investigated. Working standards were prepared by serial dilution. Final concentrations (in acetonitrile) ranged to 0.1, 0.25, 0.50, 1.0, 3.0, 7.0, and 10.0 mg/L for each analyte.
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Chromatography Condition.
The insecticides were identified and quantified by a gas chromatograph (Perkin Elmer Autosystem XL) equipped with an electron capture detector (ECD). These compounds were separated on column PE-17 (30 m × 0 : 25 mm I.D; film thickness 0.32 µm). Operating conditions were as follows: initial column temperature of
45
• C (2 minutes), increased at 10
then finally increased to 250
• C held for 5 minutes, and ramped at 15
• C·min −1 . The carrier gas N 2 was at a flow rate of 1.0 mL·min −1 and injection volume of 1 µL (split mode 1 : 10).
Sample Preparation.
Before the extraction process and preconcentration, the samples were made into a concentrate juice (50% w/v) in distillated water. Then, fresh juice was centrifuged at 4000 r.p.m. for 15 minutes, and the supernatant liquid portion was filtered through a 0.45 µm nylon filter. After filtration, the juice was diluted with a water-methanol mixture (1 : 1% v/v) and stirred by 2 h in a screw cap vial containing small magnetic stirrer bar. The combined extracts were transferred to a separating funnel. Reproducibility was calculated for three orange juices fortified per day for 3 days. Each test was analyzed in triplicate (n = 5).
The filtrate solution was percolated on cartridge C18 (at a descending flow rate of 2 mL·min −1 ). Elution was performed with 5 mL of ethyl acetate. Then, the sample was concentrated to dryness by evaporation under inert conditions at constant flow rate of the N 2 gas. The final residue was dissolved in 1 mL of acetonitrile water (4 : 1% v/v) at pH 4. 1 µL of injection volume was used for the chromatographic system.
Results and Discussion
Method Validation.
Method validation (for the orange juice) was carried out using the following parameters: limit of detection (LOD), limit of quantification (LOQ), linearity, precision and recovery. For observing the LOQ calculated as 3·LOD, see Tables 2 and 3 .
Regression analysis was studied to approximate the linearity of the calibration curves. Good determination correlation coefficients were obtained for all of the compounds ranging from 0.9994 to 0.9999 (Table 2) The limits of detection (LOD) for four insecticides were based on the lowest detectable peak that had signal/noise = 3. The results are also listed in Table 2 . The obtained values were satisfactory and allow the determination of these compounds at the levels required to method validation. The highest LOD and LOQ values were obtained for malathion, 0.31 and 0.93 mg/L, while the lowest values were 0.23 and 0.69 mg/L for 2,4-dichlorophenol, respectively.
Selectivity or the existence of potential interferences in the chromatographic determination of the pesticides in the fruit samples was monitored by running control of blank samples in each calibration. The absence of any chromatographic components at the same retention times in the target insecticides suggested that no chemical interferences occurred.
To evaluate the precision of the measurement, the reproducibility of the method was determined by performing the measurement 5 times for each spiked orange fruit samples for a 3 day period. The RSD values were found to be typically below 10%. The solutions of orange fruit spiked with different amounts of target analyte were also analyzed to evaluate the recovery. The results are listed in Table 3 .
The recoveries and reproducibility (RSD) varied from of 49.5%-108.5% and 8.0%-10.0%, respectively, and were considered acceptable, indicating satisfactory accuracy and precision of the proposed method for determination of 2,4-dichlorophenol, chlorpyrifos, parathion-methyl, and malathion in orange fruit. These values are similar to the recoveries reported by other authors for the MSPD extraction of several pesticides from fruit juices [12] [13] [14] [15] [16] [17] .
Chromatography Analysis.
The most frequently used detectors for pesticide residues analysis include ECD, NPD, FPD, and MSD. However, it is well known that ECD has been the most used detector in pesticide residues analysis due to its high sensitivity, in particular to halogenated pesticides although all kinds of electron-attracting functional groups such as nitro groups and aromatic structures also give a response on this detector [12, 13, 18] . Figure 1 shows a chromatogram of insecticide standards analyzed by our GC-ECD system. One can observe four peaks of the compounds studied in this work, appearing at distinct retention times. Figure 2 shows a typical gas chromatogram of an orange fruit fortification extract with a 1 mg·L −1 of the insecticides. This chromatogram also exhibits other peaks (not identified), and one can notice the complexity of the fruit components. Therefore, the interpretation of ECD chromatograms obtained for extracts with higher amounts of ECD sensitive matrix compounds (Figure 3 ) can become a difficult task [12] .
Determination of Real Samples.
The optimized experimental conditions were applied to real samples to evaluate the efficiency of the method in the determination of each compounds investigated. The results are shown in Table 4 . Average concentrations of the 2,4-dichlorophenol ranged from 1.5 µg·Kg −1 (in sugar cane) to 32.1 µg·Kg −1 (in tomato). This insecticide was not detected in the passion fruit. Parathion methyl ranged from 14.2 µg·Kg −1 (in passion fruit) to 36.0 µg·Kg −1 (in mange). Malathion was found in average concentration of around 9.2 µg·Kg −1 . For the sugarcane, orange, and passion fruit, malathion concentration was below LOQ. Chlorpyrifos was found in two sample, at levels ranging from 0.4 µg·Kg −1 (in melon fruit) to 4.25 µg·Kg −1 (in passion fruit). Chlorpyrifos concentrations in other fruits were below LOQ. The levels of pesticides residues are controlled by Maximum Residue Levels (MRLs), which are established by each [19] . Since not all the ANVISA's data for these insecticide residues were available during the fruit studies, it was compared with the MRLs established by the European Union (EU) and US. Different MRLs specific values are given in Table 4 for each fruit/vegetable, and the reason for it is perhaps the quantity of daily intake in average.
Conclusions
Herbicides were simultaneously extracted from fruit samples with a mixture of water-methanol and subsequent cleanup by silica gel column chromatography was not necessary. The results also show that the proposed method for the determination of chlorpyrifos, parathion-methyl, and malathion in orange fruits is simple, economical, and precise and can be used to analyze traces of insecticide residues in other too fruit samples.
